We describe the metal-organic chemical vapor deposition growth of InAsSb/InAsP strained-layer superlattice (SLS) active regions for use in mid-infrared emitters. These SLSs were grown at 500 "C, and 200 torr in a horizontal quartz reactor using TMIn, TESb, As€-&, and P 3 . By changing the layer thickness and composition we have prepared structures with low tempera-(QOK) photoluminescence wavelengths ranging from 3.2 to 4.4 p. Excellent pesformance was observed for an SLS LED and both optically pumped and electrically injected SLS lasers. An optically pumped, double heternstructure laser emitted at 3.86 pm with a maximum operating temperature of 240 K and a characteristic temperature of 33 IC. We have also made electrically injected lasers and LEDs utilizing a GaAsSb/InAs semi-metal injection scheme. The semi-metal injected, broadband LED emitted at 4 pm w i t h 80 pW of power at 3OOK and 200 mA average current. The InAsSb/InAsP SLS injection laser emitted at 3.6 pm 2t 120 K.
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In traduction
Chemical sensor and infrared countermeasure technologies would become viable with the availability of high power, mid-infiard (3-6 pm) lasers and LEDs operating near room temperare. However, the performance of mid-infrared emitters has been limited by nonradiative recombination processes (usually Auger recombination), which dominate radiative recombination in narrow bandgap semiconductors. Auger recombination can be suppressed in "band-structure engineenxi", strained InAsSb heterostructures. In order to reduce Auger mmbination in mid-infr-ared (2-6 pm) lasers, several narrow bandgap III-V, strained-layer superlattices (SLSs) have been explored using metal-organic chemical vapor deposition (MOCVD) and molecular beam epitaxy (MBE).'-" In both type I and type II SLS laser active regions, holes axe confined to compressively strained layers, producing a low in-plane, effective mass (13/2$3/2>) hole ground state. In compressively strained InAsSb SLSs, it is necessary to maximize the light-heavy (13/2+1/2> -13/2+1/2>) hole splitting to suppress Auger recombination: For example, we have investigated the electronic properties of InGaAs/InAsSb SLSs, and we find that the light-heavy hole splitting (= 30 mev) is insufficient to achieve maximum suppression of Auger rec~mbination.'*'~'~ InAsSb SLSs incorporating barrier layers with larger valence band offsets are required to maximize the light-heavy hole splitting through quantum confinement. The growth rate of the InAsSb/InAsP SLSs was found to be proportional to the TMIn flow into the reaction chamber and independent of the TESb, PH,, and ASH, flow. The PL peak wavelength dependence on composition for the SLSs is shown in 
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An LED was constructed with a 0.7 pm thick, n-type, InAso.88Sba12 temperature range. At 80 K, peak powers >lo0 m W could be obtained. In Figure 6 (b), laser emission was 6 meV higher in energy than the PL peak; for other InAsSbfinAsP SLS lasers tested, laser emission was at the PL peak energy. Generally, InAsSb/InAsP SLS laser emission occurred nearer to the peak of the PL emission than previously reported for MOCVD-grown devices w i t h pseudomorphic InAsSb multiple quantum well active regions'5*10*'2, The temperature dependence of the SLS laser threshold is described by a characteristic temperature, To = 33 K, over the entire range. (See Figure 7@) )
In several areas, the InAsSbDnAsP SLS laser approached performance records for III-V, bipolar lasers of comparable wavelength. We report the lowest threshold power, highest characteristic temperature, and highest operating temperature for InAsSb lasers at = 3.9 pm, obtained either with pulsed injection2*'o*'s or pulsed optical p~r n p i n g . We speculate that injection and transport of carriers in the SLS is presently 120 K.
limiting the performance of these devices.
Conclusions
We have evaluated InAsSbfinAsP SLSs as active regions for MOCVD-grown, midinfrared lasers and LEDs. Band structure calculations for these SLSs indicate that large light-heavy hole splittings (2 70 meV) can be achieved to suppress Auger recombination. .- 
